Abstract: The theoretical model for explanation of the so-called "long range proximity effect" (temperature independent and extremely large supercurrent decay length g, ' z 10 -50nm) of the HTS Josephson junctions with semiconductor oxide interlayer is proposed. It is suggested that the resonant tunneling via a large number of single localized states (LS) in the interlayer is responsible for this effect. We assume that LS are distributed uniformly in the vicinity of Fenny energy and over the interlayer and that their density is small enough for the interaction of electrons occupying different LS be negligible. The interaction of electrons at one LS is also not taken into account. We assume also that the potential barrier in the interlayer has the rectangular form with the height (V -p) and the thickness d satisfies the inequalities: (V -p) << p , dT, / (V -p ) s a s d , where p is the chemical potential, m is the electron effective mass, a-' = (2m(V -,u))-'/~ is the effective radius of LS. The proposed model provides the explanation for whole scope of the data concerning "long range proximity effect". We believe that the model can be also applicable for interpretation of the properties of HTS single grain boundary junctions and Low-T, structures with the gapless semiconductor interlayer.
INTRODUCTION
The typical experimental value of the specific ST grain boundary resistance Slcm2) and the one of SN or SSm interfaces (10-8 Rcm -10-10 Rcm2) are several orders of magnitude higher than the typical values of the p,g,' product (10-10 0cm2 - [10] [11] [12] Slcm2) for the normal metals. So to get the HTS Josephson junctions with the normal junction resistance controlled by the properties of the interlayer one have to use the semiconductor oxides as the weak link material and the so-called shallow-step geometry of the junction to reduce the boundary resistance. The result of intensive study [I-71 of this type structures was the experimental observation of the "long-range proximity effect". This is relatively large (10 -50 nm) and temperature independent supercurrent decay length c, ' in the interlayers. It was also found that this effect can be observed only in range of the composition of the Sm materials where the transformation from the metallic to semiconductor type conductivity takes place [6] .
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The last experimental results obtained in ma ,Cu307, 1 Y,, Pro, Ba,Cu307, 1 m a ,Cu307, shallow-step edge junctions [7] have shown that it would be really possible to fabricate the structures with the semiconductor-type temperature dependence of the normal junction resistance. This evidently indicate that the processes in the junctions are controlled by the properties of the interlayer.
There are several mechanisms of conductivity leading to semiconductor-type temperature dependence of R, . They are the activation type conductivity: R,, aexp(AE/kT), three-(4 Z~X~((T,/T)"~)) or two-(4 i l e x P ( (~/ Z')lf3)) dimensional hoping-type conductivity and hoping via finite number of the LS . In the last case [8] the conductivity of the junction equal to the sum of the conductivities of the channel n (fi = 1):
where d is the thickness of the I-layer, m is the effective mass of the quasiparticles, (V -p) is the barrier height. In particular case n=2 from Eq.(l) it follows 2d d 2d
The temperature independent part of R,, is defined by the direct tunneling processes as well as by elastic and inelastictic resonant hoping via one localized center.
The analysis of the experimental dependencies R,, (T) within the temperature interval Supposing that the potential well of the barrier has the rectangular form with it's height (V -p); from Eq.(l) it is easy to have (V -p) = 1/2ma2 = lOmeV z 100K. It is obvious that for this rather small values of the barrier height (V -p) the type of the interlayer conductivity has to change at temperatures T z 0.5T, = 5OK from semiconductor to the metal one due to the opening the channels for thermoactivated conductivity . It was observed experimentally [7] . The analysis of the thickness dependence of the critical current gives the usual exponential dependence:
The coincidence of the constants a and 4,' permits to conclude that it is resonant tunneling which is responsible both for normal and supercurrent transfer via the barrier. From this point of view the "long-range proximity effect" junctions are the SIS structures with a large number of LS in the interlayer and small barrier height. So the experimentally observed in this structures large decay length is simply the effective radius of the LS. The relatively large radius of LS (5) 
THEORETICAL MODEL
In proving this assertion we assumed that LS were distributed uniformly in energy (in the vicinity of the Fenny-energy) and over the interlayer and that their density were small enough that the interaction of electrons occupying at different LS is negligible. The interaction of the electrons at one LS is not also taken into account. We assume also that the potential bamer for the quasiparticales in the interlayer has the rectangular form with the height (V-p) and the thickness d satisfies the inequalities:
The last restriction practically means that the dominant channel for the current transport through the junction is the resonant tunneling via one LS on a trajectory so that the processes of the direct tunneling are unimportant.
For calculation of critical current J, under these restrictions it is convenient to use the well-known expression for 4 [ll] :
Here p, is the transverse momentum, z, ,z2 are the coordinates reckoned from the middle of the interlayer in the direction perpendicular to the boundaries, A(z,) = Aexp(ipJ2) and A(z2) = A exp(-ipJ2) are the order parameters of the electrodes; w = 7rT(2n + 1) are Matsubara frequencies; Gt and G, are the Furie components of the normal and superconducting Green's functions, taking into account the presence of the LS in the interlayer. These components are related to the imperturbable (in the absence of LS) Green's functions by equations [12] :
Here r, is the coordinate of the LS; V(r) is its local potential; G:(ro,r) is the imperturbable Green's function in coordinate representation.
The first term in (8) describes the processes of the direct tunneling through the barrier. The value of the supercurrent (7) obtained ffom this term is exponentially small compared with the term responsible for the resonant tunneling via LS. Ignoring it and taking into account that without loss of generality one can put in (8) po = 0, it is easy to get:
Carrying out the calculations following that ones described in the supplement of [13] , using the well-known expressions for nondisturbed Green's functions calculated in [14] for the rectangular bamer and taking into account the limitations (6) for the amplitude of the resonant scattering La one has:
where E, is the resonance value of the LS energy. The amplitude of the resonant scattering for the NIN structures Lz follows from (10) under A = 0.
The function f (2,) in the real part (10) is responsible for the renormalization of the energy level of LS which is not important due to the averaging over energy on a final step of the supercurrent calculations.. The imaginary part in (10) describes the decay of the resonant state due to the thermal excitations (first term) and tunneling into the electrodes (second term).
The substitution of the equations (9), (10) into the expression of the supercurrent (7) leads to the sinusoidal J ( 9 ) relationship with the critical current To calculate 4 it is necessary to average (1 1) over energy and space distributions of LS. The first of these operations gives where n(Eo) is the LS density of states. After substitution (12) into (11) and averaging over LS coordinates finally one has:
Here p,, is the part of the normal junction resistance defined by the tunneling mechanisms of the decay of the states at LS, n ( g ) is the LS space concentration.
From (13) it follows that J,(D depends on dimensionless parameter TLc proportional to ratio of the escape rates of the electron from LS due to thermal activation and due to resonant tunneling of the quasiparticles from LS into the electrodes.
For the small values of the suppression parameter TL, << 1 the last process dominates and the expression for the critical current (13) is essentially simplified:
The temperature dependence of J h product following from (14) does not differ considerably from the predictions of Ambegaokar -Baratoff (AB) theory [15] (see Fig.1 ). The normal junction resistance in this limit is defined only by the tunneling processes. The channels for normal and supercurrent transfer coincide with each other, and at T=Tc the results of the Aslamosov-Larkin theory are followed from (14) . At small temperatures T<<Tc passing (14) from the summation to the integration over w we get:
where J f ( 0 ) is the value of the critical current of the SIS junctions that follows from AB theory at T=O. step-edge junctions [7] with different interlayer thickness. The theoretical curve for TLc =I00 fits well the data. It is important to note that the absolute values of the data do not differ greatly despite the essential difference between the interlayer thickness. This fact can not be explain within the framework of existing SNS junctions models [16] as well as within the theory based on the tunneling via several LS on a trajectory [12] . All of them predict the exponential decay of JQ,, in the experimentally examined thickness interval. In our case both Jc and pn exponentially depend on d :
with practically equal characteristic length in the exponent.
It is interesting to point out that in this model it is possible to explain simultaneously the small values of JA product with its smooth temperature dependencies at T _< 0.3+0.4 T, and scaling low J Q~~ l/,n-. So, we can conclude that the proposed model based on resonant tunneling via one LS located in the barrier with the relatively small height is practically unique, that provides the explanation all scope of the data [I-71. We believe that the model can be also applicable for interpretation of the properties of the HTS single grain boundary junctions and Low-Tc structures with the gapless semiconductor interlayer.
